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ORIGIN OF PETROLEUM.
From what source does petroleum originate and when was it 
formed? A consideration of these two questions involves a review of 
two of the most popular theories of the day, the one claiming that 
it has been elaborated by nature from materials contained in the 
rock where it is now found, that the oil producing rock is the parent 
rock; the other, that it is the product of gas originating in much 
deeper strata, the sand stones being merely condensing reservoirs 
for its storage.
There are strong arguments in support of both theories, 
and they each have their earnest and distinguished advocates, but it 
is not an easy matter to prove either the one or the other to be 
universally applicable to facts as we find them. The probabilities 
are that we shall discover, when the subject is more thoroughly un­
derstood, that there is what might be called an indigenous oil in 
conformity to the one theory, and an exotic oil in agreement with 
the other.
GENESIS OF PETROLEUM IN THE SANDROCKS.
Reviewing the facts connected with the production of oil 
from the Venango group, we find that the largest wells are those 
which are sunk through the coarsest part of the oil-bearing sand- 
rock. The drillings show nothing but coarse sand and pebbles.
Pieces of the unpulverized rock one or two cubic inches in bulk are 
often brought up after torpedoing, but nothing can be detected in
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in them that could possibly originate oil. Could a rock of this
havecharacterA originally contained a quantity of organic matter suffi­
cient to yield a cubic foot of oil to every ten or tv/elve cubic 
feet of rock, and these organic remains to be so completely converted 
into oil as to have no residual trace of their existence? Could so 
large a quantity of organic matter be held by such loose sands during 
the slow processes of their deposition, without decomposition and 
waste? and if so held, where was the organic tissue thus preserved, 
converted into oil? It could not have been while the sands were 
lying at the sea level as sand beaches exposed to atmospheric 
influences, for then the oil wotild have been volatilized and dissi­
pated in air. Neither could it have been while the sands were in 
contact with the water, (if they were formed beneath water level,) 
for then the oil would have risen to the surface and floated away 
as fast as generated. It must have been then at a period subsequent 
to this.
But if no oil worn stored in the sand beds as they slowly 
sank to receive the succeeding deposits upon their backs, the inter­
spaces between the grains of sand and pebbles which now contain oil, 
must have been filled with salt water, for they could not go down 
unoccupied, and the sand-beds must also have contained within them­
selves large quantities of organic matter, which sooner or later, 
when the conditions became favorable, was to be converted into oil.
What are the requisite conditions to convert this organic 
matter into oil? Presumably a certain degree of heat and pressure 
to be attained only when the strata have reached a proper depth below 
the surface or ocean level. At what depth this horizon which may 
be termed the plane of spontaneous distillation may lie, we do not
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know, and it is immaterial to our present purpose that it should be 
definitely fixed. Wherever it nay be, however, it must be reached 
and occupied, successively by each one of the oil producing sands in 
order that the organic matter from which the oil is to be evolved, 
may be subjected to the proper conditions and the transformation 
effected.
We will suppose that the Venango Third oil sand has 
gradually sunk as the sediments accumulated above it, until it has 
arrived at this oil making horizon. Spontaneous distillation now 
ensues. The salt water contained in the sand is partially absorbed 
or displaced in the process, and the stratum is charged with oil.
But the measures still continue to sink and other rocks are depos­
ited above; the Second Oil sand, First Oil sand, Pithole Grit, Serai 
Conglomerate and Mahoning Sandstone, must all, one after the other, 
have been brought down to the oil making horizon, according to this 
hypothesis,- for they all now contain oil in one place or another.
The vertical distance between the Third Oil Sand and the 
Mahoning Sandstone is about 1550 ft. Therefore, when the Mahoning 
Sandstone occupied the plane of spontaneous distillation, the Third 
Oil Sand must have been 1550 ft. below it, and subject by reason of 
this additional depth, to a degree of heat much greater than that of 
the horizon in which the oil contained in it was formed.
Supposing all the oils in the several sands to have been
identical in character when first formed as they passed through the
oil making horizon; must not that in the Third Sand at least have
undergone a great change during the immense period occupied in slowly
sinking 1550 feet while the sand-beds above it were being successive-
toly stored with oil, and especially so, when the changes incident
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to age must also be added the changes wrought by chemical action 
under such altered conditions and so considerable an increase of 
temperature. ?/ould not the increase of heat in deeper horizons have 
had a tendency to reduce the gravity of the oil, so that we should 
now find the Third Sand Oil heavier than that of the Second, and 
the Second heavier than the First, whereas we find it in exactly the 
reverse order.
We are hardly prepared to assign so great an age to 
petroleum as the above view of its formation would require; and yet, 
if it is generated in the sandroek, from organic matter intermixed 
and burried with the sand, we can imagine no more probable sequence 
of events than those outlined above, by which to arrive at some idea 
of its age and the possible horizon of its birth.
So far we have spoken only of the Venango Oil Sands and 
those above them; and if we are already amazed at the immense age 
of their respective oil deposits, as measured by the theory under 
review,- and are inclined to doubt whether oil could be preserved 
unchanged for such incalculable ages in rocks exposed to such 
vicissitudes as these have experienced, our amazement will only 
increase if we go on and apply the same argument to the Oil measures 
of Warren and Bradford which extend down more than 1000 feet below 
them, and whose oils must therefore be much older.
It is evident that an oil producing rock of the character 
we are speaking of, could only be formed by the conjoint action of 
two classes of widely differing physical agencies - one to furnish 
the organic matter, the other the inoi*ganic. If only sand and 
pebbles were deposited in any place, they could make no oil. Sea­
weeds and mollusks must live and flourish in great abundance on the
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forming sand-beds, or be within reach of the waves and currents to 
be brought in and deposited with them, otherwise the materials for 
generating oil would be wanting. It is reasonable to infer that 
these two necessary conditions did not everywhere conjointly prevail; 
that in some localities sand was deposited without organic matter 
and in others organic matter without sand; and that consequently we 
should now find considerable areas of sandrock barren of oil. In 
that case, no doubt, great irregularity would be noticed in the 
distribution of these barren spots throughout the oil producing sand 
sheets. Each stratum would have a structure in that respect parti­
cularly its own, regardless of the local variations of the one below 
it, or the one above it; but the same general features observed in 
the distribution of the productive and non-productive spots in one 
stratum, ought to obtain in the others also.
Thus if the Third Sand produces oil almost universally 
wherever its characteristic oil bearing rock is found; then the 
Second Sand should in like manner produce oil wherever its character­
istic oil bearing rock is found; and so on with all the other oil 
sands above. Or, in other words, if oil is generated solely from 
materials deposited contemporaneously with and contained in the rock 
where it is now found, there can be no reason assigned why there 
should not be good oil deposits scattered over the whole area of one 
sand as well as of another, wherever the typical oil bearing rock is 
well developed, regardless of the measures above or below it; no 
reason why, all other things being equal, the Conglomerate and 
Mountain Sands should not produce oil as freely where the Venango 
Group lies below them as where it does not; no reason why the First 
and Second Oil Sands should not produce their normal quantities as
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well where underlaid by the Third Sand as where the latter is wanting 
or imperfect.
GENESIS OP PETROLEUM PROM CONDENSED GAS.
The hypothesis, that petroleum is the product of con­
densed gas evolved from carbonaceous shale lying at a greater or 
less depth below the oil sands, while as before intimated, not yet 
sufficiently understood to claim the place of a demonstrable theory, 
seems nevertheless not to be open to so many cogent objections as 
the one just considered.
As generally understood at present, this hypothesis also 
requires organic growth to furnish materials for generating the 
hydro-carbons, and mechanical agents to prepare the sand-bed reser­
voirs to collect and retain them. But the operation of the two 
classes of agencies need not necessarily have been synchronous, nor 
is it requisite that the areas primarily occupied by them should 
have been geographically co-extensive. The carbonaceous gas-produc­
ing material may have been brought into the Appalachian basin from 
various sources, at different times, and by many channels, long 
anterior to the depositions of the sand-beds. But they only become 
oil producing through the supervention of the sandstones; therefore, 
to secure this end, both carbonaceous shale and sandstone must under­
lie a productive oil field, for if the shale be wanting, no gas can 
come up for condensation in the sandrocks, if the sandrocks are 
wanting, there being no reservoirs to receive and condense the gas, 
it continues on upward and escapes imperceptibly as gas at the 
surface.
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When we reflect that large quantities of organic matter 
were stored in the limestones and shales of the immensely thick beds 
of the Silurian formation, that they were augmented in a latter 
period by the contents of other rich carbonaceous deposits of Lower 
Devonian age, that these all now lie far below the Oil Sands, and 
that we may reasonably suppose many of them are now or have been 
buried at a depth which would subject them to a degree of heat com­
petent to all the requirements of spontaneous distillation of gas, 
we cannot but admit, in view of the known intimate relationship and 
association of gas and oil, that the hypothesis of the formation of 
petroleum from this source is worthy at least of a candid considera­
tion.
The question previously asked: "Y/hat are the necessary 
conditions for converting organic matter into oil?" repeats itself 
in a slightly varied form: what are the requisite conditions
for' converting organic matter into gas and gas into oil? and 
must receive again only a hypothetical answer.
If in the one case an horizon of distillation be required, 
in the other.horizons of distillation and condensation seem to be 
demanded, but it is as impossible to precisely locate or define the 
latter as the former. The disquisition which might very naturally 
here intrude as to whether it is possible or not for gas to be 
converted into oil, must be left for those who have made a special 
study of such matters. On the presumption that nature has some way 
of accomplishing the fact, although her processes are not at present 
understood by us, we may provisionally admit the possibility and 
pass on to notice some of the physical conditions which would seem 
to be required to bring about such results, and then see if the
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significant phenomena exhibited by the oil developement are in 
harmony with these requirements.
According to this hypothesis there must have been tv/o 
distinct stages in the genesis of oil, a gas-making stage and an oil­
making stage, two distinct and dissimilarly conditioned natural 
laboratories where the work was performed, one posessing all the 
requirements for generating gas from the carbonaceous shales brought 
within its limits, the other containing all the essential qualifi­
cations necessary for reducing the gas entering within the sphere 
of its influence into oil. A study of the latter, which, for 
convenience may be called the horizon of condensation, concerns us 
most at present, as that is the one where oil is found and below it 
(if this hypothesis is correct) it will be useless to sink the drill, 
whatever the character of the strata may be, except in expectation 
of finding gas.
Whether this hypothetical horizon of condensation should 
be expected to embrace a uniform thickness of measures lying in a 
horizontal band having a fixed relation to ocean level throughout 
the several oil-fields, or may be supposed to vary from horizontality 
in consequence of the gradual uplift of the rocks tOY/ard the north­
east, its position being dependent more upon surface influences than 
sea level, we do not know.
PREPARING TO DRILL AND DRILLING.
Spudding. With the rig put in complete running order 
and conductor sunk to bed-rock, the contractor is now ready to 
commence to drill. But the common boring tools are about 60 feet
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lcng and therefore cannot be operated by the walking beam in the 
usual way until the hole is deep enough to allow them to sink beneath
the derrick floor. He must spud the first sixty feet, then, without
the aid of the walking beam. To do this a short cable is run up over
the crown pulley in the top of the derrick. One end of it is attach­
ed to the ring-socket, and screwed to the auger stem, the other is 
passed around the bull-wheel shaft two or three times and the end 
left free. The bull rope is now put on and the engine started.
A man stationed in front of the bull-wheels, seizes the free end of 
the rope coiled around the shaft, a slight pull causes the coils to 
tighten and adhere to the revolving shaft, the auger-stem rises in 
consequence until it hangs suspended in the derrick, when it is 
swung over the hole and lowered through the conductor to the rock.
The engine is kept running and the bull-wheels revolve all the time, 
but the man holding the shaft-rope has full control of the tools.
When he pulls on the rope, the coils at once "bight" the revolving 
shaft, the tools rise, when he gives his rope slack they fall, and 
so long as the coils remain loose upon the shaft it revolves smoothly 
within them and communicates no motion at all. Thus, then, alternate­
ly pulling and slacking the rope, raises and drops the tools as 
much or as little as may be required, while the driller turns the 
drill to insure a round hole.
Driving Pipe♦ When a conductor cannot be dug to the rock, 
and drive-pipe is to be inserted, a mall and guides must be provided 
for the purpose. The mall is made of any tough, hard log, that will 
dress 15 or 18 inches square, and 10. or 12 feet long. Two sides only 
are dressed; one end being rounded and encircled by a heavy iron 
band to prevent its splitting, and the other having a strong staple
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dr i ven into it to 1*»« the cable in. Two pairs of wooden pins are 
put in each of the dressed sides, one pair near the top, the other 
pair near the bottom; they are two inches apart and two inches long, 
and serve instead of grooves in the mall, the guides fitting between 
them.
To erect the guides, draw a line on the derrick floor 
through the center of the well and at right angles to the walking 
beam; on this line place two 2 inch planks perpendicularly and stay 
them securely at the bottom and from the sides of the derrick. They 
are to be 15 or 18 inches apart, according to the width of the mall 
to be used, and may be continued upward by adding two or three more 
planks, as circumstances require. They are strengthened by spiking 
a narrower plank on each side, leaving the center one projecting 
a couple of inches to enter between the pins in the mall.
After spudding awhile, as above described, to prepare the 
way for the drive pipe, the drill is set aside,-the pipe to be 
driven, armed at the bottom with a steel shoe, is put in place - 
the mall is attached to the spudding cable and let down between the 
guides where it is alternately raised and dropped upon the casing 
or drive-pipe by the man at the bull-wheels, precisely the same as 
in spudding. The casing used is of wrought iron, screwed together 
in thimbles the same as tubing. A heavy cap of iron is screwed in 
the top where driving, to prevent its being injured by the blows of 
the mall.
When two or three hundred feet of pipe are to be driven, 
as is frequently the case, it requires a great deal of skill and 
judgement to put it in successfully. In these deep drivings, after 
a sufficient depth has been reached to admit of the introduction of
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a string of tools, they are put in and operated by the walking beam 
in the usual way; the cable (a short one, furnished for the purpose) 
being coiled upon one end of the bull-wheel shaft, while the other 
end is left free to work the mall rope on. To facilitate the 
necessary changes which must be made every time the drill is stopped 
and pipe is driven, the lower part of the guides are cut and hung 
on hinges some 10 or 12 feet above the derrick floor, and when not 
in use may be swung up overhead out of the way of the workmen.
Stringing th_e Tools. When a sufficient depth has been 
reached by spudding, to admit of the introduction of a full string 
of tools, the spudding machinery is abandoned. Now the coil of 
drilling cable is rolled into the derrick and set upon end. The 
free end in the center of the coil is tied by a connecting cord to 
the rope just detached from the ring-socket, and by it drawn up 
over the crown pulley and down to the bull-wheel shaft, where it 
is fastened; the bull rope is put in place; the engine started and 
the men carefully watch and guide the cable as it is wound coil 
after coil smoothly and solidly upon the shaft. When this is done 
the end of the cable depending from the crown pulley is secured to 
the rope-socket, and the full set of tools are attached and swung 
into the derrick. After carefully screwing up all joints, the tools 
are lov/ered into the hole by means of the bull-wheel brake. The 
band wheel crank is then turned to the upper center; the pitman is 
raised and slipped upon the wrist pin, where it is secured by the 
key and wedges; the temper-screw is hung upon the walking beam hook; 
the slack in the cable is taken up by the bull-wheels until the jars 
are known to be in proper position; the clamps are brought around 
the cable and securely fastened by the set-screw; the cable is
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slacked off from the bull-wheels, and the tools are now held suspend­
ed in the well from the walking beam instead of from the top of the 
derrick, as before. Some fifteen or twenty feet of slack cable 
should be pulled down and thrown upon the floor to give free move­
ment to the drill. When the drill is rotated in one direction for 
some time the slack coils around the cable at the well mouth; if it 
becomes troublesome, the motion is reversed and it uncoils. Only 
by this constant rotation of the drill can a round hole be insured.
Drilling. Having now made all the necessary connections, 
it only remains to give the engine steam, and the drill will rise 
and fall with each revolution of the band-wheel, and commence its 
aggressive work upon the rocks below. From this point downward the 
daily routine of the work is very monotonous unless some accident 
occurs. The driller with a short lever inserted in the rings of 
the temper-screw, walks round and round, first this way and that, to 
rotate the drill. He watches the jarsand at proper intervals lets 
down the temper-screw as the drill penetrates the rock. When the 
whole length of the screw has been let out, or the slow progress of 
the drill gives warning that it is working in hard rock and needs 
sharpening, he arranges the slack cable upon the floor, so that it 
will go up freely without kinks'and informs the engineer that he 
is ready to "draw out".
Drawing the Tools. After attending to the needful pre­
liminaries, the driller throws the bull rope upon its pulley, and 
quickly steps to the bull-wheel brake, while the engineer commands 
the throttle of the engine. The walking beam and the bull-wheel are 
now both in motion, but at the proper moment one man stops the engine 
and the other holds the bull-wheel with the brake - just when all
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the slack cable has been taken up and the weight of the tools is 
thus transferred from the temper-screw to the crown pulley. This is 
a performance requiring experience and good judgement, for should 
any blunder be made a break down must certainly result. To loosen 
the clamps on the cable, and unlock the pitman from the wrist pin 
and lower it to the main sill is but the work of a moment. Dropping 
the pitman raises the end of the walking beam with the temper-screw 
attached to it, and throws them back from their former perpendicular 
over the hole, so as to allow the cable and tools to run up freely 
without interference with them. Steam is now turned on again, and 
the tools come up. When the box of the auger stem emerges from the 
hole, the engine is stopped. A wrench is slipped on the square 
shoulder of the bit, and the handle dropped behind a strong pin 
fixed for that purpose in the floor; another wrench is put on the 
shoulder of the auger stem; a stout lever is inserted in one of the 
series of holes bored in the derrick floor, in a circle having a 
radius a little less than the length of the wrench handle, thus 
making a compound lever of the wrench, and greatly increasing its 
power. In this manner the joint may be easily broken, so that the 
bit can be unscrewed and taken off by hand after it has been brought 
up over the derrick floor. As the bit rises from the hole, the 
driller throws off the bull rope by operating a lever with one hand, 
while with the other he catches the bull-wheel with the brake, hold­
ing the tools suspended a few inches above the derrick floor.
Sand Pumping. The line to which the sand pump is attached 
passes over a pulley near the top of the derrick and thence down to 
the sand pump reel, which is operated from the derrick by means of 
a hand lever and connecting level's. While sand pumping the pitman
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remains disconnected, the bull rope lies slack on its pulleys, and 
the band wheel is kept constantly in motion. The sand pump reel is 
operated by a friction pulley in contact with the band wheel.
The sand pump is usually run down several times after each removal 
of the tools, to keep the bottom of the hole free from sediment so 
that the bit may have a direct action upon the rock.
After the hole has been sufficiently cleaned the sand 
pump is set aside, the drilling tools are unhooked and swung into 
the hole and lowered to the bottom by controlling the bull-wheel 
brake. Drilling is again assumed and thus the work goes on until 
the well is completed.
TRANSPORTATION OP PETROLEUM.
Teams of horses or mules were first employed in the 
transportation of the oil from the wells, either to the nearest 
railroad station or to the flat boats on Oil Creek, but the business 
quickly outgrew this mode. The railroad soon entered the oil region 
following the tortuous windings of the tributary of the Alleghany 
River. At first the barrels of oil were placed on |>lat-form cars; 
subsequently two large wooden tanks, holding about 2000 gallons each 
In the meantime water transportation had assumed large proportions, 
quite too large for the volume of water usually flowing in this 
stream, and the novel expedient of "pond freshets" was resorted .to.
Arrangements were made with the mill owners at the head 
of Oil Creek for the use of their surplus water at stated intervals. 
The boats were towed up the creek by horses, not by a tow-path, but
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through the stream, to the various points of loading, and when laden 
they were floated off on a pond freshet. As many as 40000 barrels 
were brought out of the creek on one of these freshets, but the 
average was between 15000 and 20000. At Oil City the oil was trans­
ferred to larger boats. At one time over 1000 boats, 30 steamers 
and 4000 men were engaged in this traffic. At times great loss 
occurred from collision and jams. During the freshet of May 1864 
a jam occurred at Oil City, resulting in the loss of from 30000 to 
50000 barrels. Bulk Barges were subsequently introduced, having a 
number of water tight compartments. A few of these are still 
employed in the conveyance of oils to the refineries situated at 
Mingo, Wheeling, Marietta and Parkersburg.
In 1871 the wooden tanks began to disappear, their place 
being supplied by the horizontal boiler iron cylindrical tanks now 
in use. These will contain from 3000 to 5000 gallons each.
PIPE LINES.
The greatest revolution, however, in the mode of trans­
porting petroleum, occurred when the idea of allowing it to flow from 
place to place through iron pipes took a practical shape. The first 
experiment of this kind of which I can find any record was made by 
a Mr. Hutchinson, and a pipe line of three miles in extent was laid 
from the Sherman well to the terminus of the railroad at Miller’s 
Farm. For the purpose of equalizing the pressure and to prevent 
the bursting of the pipe, he placed at intervals of 50 or 100 feet 
projecting air chambers about ten inches in diameter. It is said,
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however, the weak points of this pipe line were the jointings, and 
the leakage was so excessive that little, if any, oil reached the 
terminus. Shortly afterward, however, mechanical ingenuity proved 
itself adequate to overcome these ohstacles, and a successful pipe­
line of four miles was laid, extending from Pithole to Miller’s
. »
Farm. This soon disclosed the superior economy of this mode of 
transportation, and sounded the death knell of a once profitable 
business to the thousand teamsters, who, quickly comprehending the 
situation, resorted to violent measures to destroy the pipe-line 
and fire the oil-tanks associated with it. Capital, leagued with an 
armed police, soon found effective methods to quell riotous opposi­
tion and shortly afterwards, these lines were riffiifying the oil- 
producing territory. At present trunk lines of pipe, six inches in 
diameter, traverse nearly the whole length of the two great states 
of Hew York and Pennsylvania, and cover also portions of the adjoin­
ing states, delivering thousands of barrels of oil daily to refiner­
ies on the route, and at their different termini on the sea board.
The wells are connected with the trunk lines by a two 
inch pipe. The oil is first received into t^nks at the wells. On 
the main trunk lines are placed, at convenient distances, storage 
tanks, pumping stations and racks for loading oil from pipe lines 
into tank cars.
The pumping stations are located at central points in 
the valleys. These stations consist of permanent buildings, a boiler 
house and a pump house, which contain the necessary steam power, 
and a steam and oil pump,combined in one. Many of these pumps are 
of the Worthington pattern, and are very powerful machines, forcing 
the oil rapidly through great distances and in vast quantities, not
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only over the hills that are encountered in the course of the line, 
but against the friction of the pipe conveying the oil, an element 
in the problem of vast importance, when it is remembered that the 
friction increases enormously as rapidity of flow of the oil is 
increased. The friction on the 108 miles of six inch pipe line 
between Rixford and Williamsport, Pennsylvania, is found to be 
equal to a column of oil 700 feet in height; that is to say, if the 
pipe were laid on a uniform descending grade of 700 feet between the 
two points and filled with oil, the friction or adhesion between the 
oil and iron would prevent the oil from flowing. For these reasons, 
the pressure carried on these pumps is frequently from 1200 to 1500 
pounds to the square inch. The pipes, the main trunk line pipes, 
are constructed to withstand a pressure of 2000 pounds to the square 
inch. The following process describes the method of loading the 
tank cars:
The "racks" are used for loading oil from pipe lines into 
tank cars, and are so arranged that any number of cars from one to 
an entire train can be loaded at the same time. They are constructed 
after the following general plan: The line is brought alongside
the railroad track, and perpendicular branches are brought up just 
as far apart as the length of the tank car. A platform of convenient 
height is erected, and each perpendicular branch pipe is provided 
with a stop cock and an elbow above it. To this elbow is attached 
an adjustable pipe, long enough to reach the man hole of the tank 
car, as it stands upon the track. To load a train, it is run upon 
the track in front of the "rack", the man hole plates are all 
removed, the adjustable pipes placed in position to discharge the 
oil into the tanks, and the oil turned on. In this way as many cars
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as the rack will hold, perhaps 20 holding 2000 barrels of oil, can 
be loaded in an hour and a half.
The storage tanks, the largest of which contains 35000 
barrels of 42 gallons, are built of iron. The roof covering them is 
of wood, conical in shape and covered with No. 20 iron.
PETROLEUM PRODUCTS.
Crude petroleum varies so much with the locality that 
any statement about it is only approximate. According to Peckham, 
the products which may be obtained from Pennsylvania Petroleum are 
about as follows:
1. The Naphtha Distillate, all that passing over above 60°
Baume, about sixteen and five-tenths per cent.
2. The Burning Oil Distillate, that passing over between
60* and 36° Baumd", about fifty-four per cent.
3. The Lubricating Oil Distillate, that passing over from
0 E.3° ^
36 toA Baume, about seventeen and five-tenths per 
cent.
4. Paraffine, two per cent.
5. Coke and Losses, ten percent.
The Naphtha Distillate. This is fractionated as follows:
I. Crude gasoline, cut at 80° Baum£, one and five- 
tenths per cent.
H, C Naphtha, between 80* and 68° Bauml, ten per 
cent.
HT. B Naphtha, between 68° and 64° Baume, two to 
two and five-tenths per cent.
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L ?  A Naphtha, between 64° and 60° Baum6, two to 
two and five-tenths per cent.
Fraction X is redistilled and the products caught in a 
mixture of ice and salt, giving:
1. Cymogene, 110° to 100°Baum£, B. pt. 32° F. largely butane
used for ice-machines.
o  o  I c t r q e l y
2. Rhigolene, 100 to 90 Baum£; B. pt. 65° F.^pentane, used
as a local anaesthetic.
3. Petroleum Ether, Sherwood Oil, "Gasolene", 90° to 80°
Baurae, B. pt. 100 to 150° F. largely hexane used for 
carburetting air in the various gas machines and in the 
laboratory for oil and fat extraction.
4. Gasolene, Canadol, 80° to 75® BaumS, B. pt. 150° to 180° F.
Used for oil extraction on the large scale.
Fraction2J is treated with four ounces of oil of vitriol 
to the gallon in an agitator with paddles, washed with caustic soda 
solution and distilled with steam yielding:
5. Naphtha, Danforth’s Oil, 76° to 70°Baume, B. pt. 160° to
210° F., used in street lamps, stoves and torches.
. Fractions 3 and 4 are treated similarly to 2 giving:
6. Ligroine, 67® 62° Baumg, B. pt. 160° to 225° F. used in
pharmacy, in the laboratory, and in sponge lamps.
7. Benzine (deodorized), 62° to 57° Baumg, B. pt. 225° to
300° F. used as a substitute for turpentine, for cleaning 
type, and by dyers and scourers.
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Tho Burning Oil Distillate. This is fractionated into:
V. Crude Burning Oil, 58° to 40° Baum£, forty-two
per cent.
VI. "B" Oil, 40° to 36° Baum£, seventeen per cent. 
Fraction V is treated with acid similarly to It washed and
distilled as long as the color is good. Three fractions may be 
obtained:
8. "Export Oil", 110° F. Fire Test; shipped to China and Japan
9. Export Oil, 120° F. Fire Test; shipped to England.
10. Headlight Oil, 150° F. Fire Test, 50° to 47° BaumS,
ordinary Kerosene.
Fraction VI is treated similarly to V and on distillation
yields:
11. Mineral Sperm or Lantern Oil, 36° Baume, 300° F. Fire
Test and 250° F. Flash Point, used for passenger traffic 
illumination and in light houses.
#
The Lubricating Oil Distillate. The residues from the 
burning oil distillate are distilled with super—heated steam, various 
fractions being obtained. These are treated with acid, washed, and 
redistilled, yielding:
"Neutral" Oils, 30° to 32° BaumS,used as "wool oils".
Spindle Oils, 32® to 28® Baum£.
Loom Oils, 29® to 27° Baun£.
Engine Oils, 27® to 23° Bauml.
Cylinder Oils, 28° to 25* Baum<f.
These fractions are filtered through sawdust and salt 
to remove water, and when too deeply colored, through bone charcoal
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after the manner of sugar syrups.
In addition to these distilled oils there is another class 
the paraffine oils, which are obtained by chilling and pressing 
certain distillates, yielding solid paraffine and paraffine oil.
THE EXAMINATION OF LUBRICATING OILS.
The generally accepted conditions of a good lubricant 
are as follows:
1st. Body enough to prevent the surfaces to which it is 
applied from coming in contact with each other.
2nd. Freedom from corrosive acids either of mineral, animal 
or vegetable origin.
3d. As fluid as possible, consistent with body.
4th. A minimum coefficient of friction.
5th. High flash and burning points-.
6th. Freedom from all materials liable to produce oxidation 
or gumming.
The examinations to be made to verify the above are both 
chemical and mechanical, and are usually arranged in the following 
order:
1st. Identification of the oil, whether a simple mineral oil, 





6th. Flash and Fire Test.
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7th. Acidity.
8 th. r i a u m e n e ' ?  Teerh
9th. Evaporation Test.
10th. Detection of Soap.
11th. Coefficient of friction.
If the oil is a pure mineral oil, the tests numbered 1,
5 and 8 are omitted. The first test, the nature of the oil, etc., 
is performed as follows:
Weigh ten grams of the oil in a dry tared beaJcer, and to 
it is added seventy-five cc. of an alcoholic solution of potash 
(sixty grams of potassium hydroxide to 1000 cc. of ninety-five 
per cent alcohol), and the contents evaporated until all the alcohol 
is driven off. In this process, if any animal or vegetable oil is 
present, it is formed into a soap by the potash, while the mineral 
oil is unacted upon. Water (75 cc) is now added and the material 
well stirred to insure complete solution of the soap, and then it is 
transferred to a separatory funnel, seventy-five cc of sulphuric 
ether added, corked, the liquid violently agitated and allowed to 
stand for twelve hours. Two distinct liquids are now seen, the 
lower, the solution of the soap, the other or upper the ether 
solution (colored if mineral oil is present, colorless if not). The 
aqueous solution is drawn off in a No. 3 beaker, the ethereal solu­
tion remaining in the separatory funnel. The former is placed on 
a water bath, and heated for half an hour and until all traces of 
ether is gone.
The solution is allowed to cool, diluted somewhat with 
water, and made acid with dilute sulphuric acid. Any animal or 
vegetable oil present will be indicated by a rise to the surface
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of the liquid of the fatty acids. (In this reaction the sulphuric 
acid decomposes the soap, uniting with the potash to form sulphate 
of potash and liberating the fatty acids of the oil.)
If it be desired to weigh the fatty acids, proceed as 
follows: Weigh carefully about five grams of pure white beeswax 
place it in the beaker upon the surface of the oil and water, and 
bring the contents nearly to boiling; the melted wax and fatty acids 
unite; allow to cool, remove the wax, wash with water, dry between 
folds of filter paper and weigh. The increase in weight of the wax 
over its original weight gives the weight of the fatty acids of the 
animal or vegetable oil in the lubricating oil.
SPECIFIC GRAVITY.
In the chemical laboratory the hydrometers used are 
generally marked with the specific gravity direct. In the oil 
trade, however, and in genei’a! commercial practice the Baume 
Hydrometer is used and the following precaution is necessary:
If the oil is not liquid enough to flow easily, it must 
be warmed until so, and then tested with the hydrometer. The latter 
should move easily and freely in the liquid. As all specific 
gravities are comparable at 60° F., the reading of the hydrometer 
is too large; if below 60° F., the readings are too small.
Another instrument used for the determination of the 
specific gravity of oils is the Westphal balance. This apparatus 
is very accurate and should be used as a check determination of the 
gravity made by the hydrometer.
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THE COLD TEST.
The degree at which an oil becomes semi-colid and refuses 
to flow freely is considered the cold test, and is performed as 
follows:
Fifty c.c. of the oil are transferred to a narrow bottle, 
stopped with a rubber stopper, through which is inserted a thermom­
eter, the bulb of which reaches an inch or more into the oil. The 
bottle is placed in a mixture of ice and salt, or other freezing 
compound, and retained there until the oil becomes solid. It is then 
removed and allowed to warm until the contents become somewhat 
thinner in consistence. The bottle is inclined from side to side 
until the oil begins to flow, when the temperature is taken. At 
this particular temperature the oil is neither at its normal fluidity 
nor is it solid, and while this method does not correctly indicate 
the exact temperature of the solidifying point, it does show the 
point at which the oil ceases to flow readily, the important one to 
the oil inspector.
In lubricating oils to be used in railroad practice, this 
cold test is a vital one, and receives in the laboratories of the 
different railroads of the U. S. considerable attention. A mineral 
lubricating oil, nonparaffine, of good quality does not show any 
material difference in its consistency at 25° C . or 10° C., but a 
radical change would be indicated at 10° C. if some of the animal 
or vegetable oil were a component.
While it is true that no proportion of one or the other
can be indicated by the cold test, and that this test might not 
properly be classed as a chemical, but rather as a physical one,
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yet so important is this property of congealing in lubrication, and 
as all laboratories connected with railroad work rely strongly upon 
it, it is included as one of the principal ones.
VISCOSITY.
The Pennsylvania Railroad Co's, viscosity tests are made
as follows:
A 100 c.c. pipette of the long bulb form is regraduated to 
hold just 100 c.c. to the bottom of the bulb. The size of the 
aperture at the bottom is then made such that 100 c.c. of water at 
100° P. will run out of the pipette down to the bottom of the bulb 
in thirty-four seconds. Pipettes with bulbs varying from one and 
three-fourths inches to one and one-half inches in diameter outside, 
and about four and one-half inches long, give almost exactly the 
same results, provided the aperture at the bottom is the right size. 
The pipette being obtained, and the oil sample is heated to the 
required temperature, care being taken to have it uniformly heated, 
and then is drawn up into the pipette to the proper mark. The time 
occupied by the oil in running out, down to the bottom of the bulb, 
gives the test figures. These pipettes are in use in many railroad 
laboratories in the U. S., but are difficult to clean. For further 
instruments see Stillman pp. 383 to 400.
IODINE ABSORPTION.
The determination of the iodine absorption of an oil is 
probably the most important chemical test for recognition quantita-
' -  ............ ................... . __ ____
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tively in a mixture of animal or vegetable with mineral oils. The 
method is as follows:
Twenty-five grams of iodine and thirty grams of mercuric 
chloride are each disolved in 500 c.c. of 9 5 alcohol, uniting the 
two solutions and allowing to stand several hours before use. It is 
then standardized by tenth noraial thiosulphate solution. The process 
of the determination of the iodine absorption of an
oil is as follows: One-tenth to five-tenths gram of the fat or oil
is dissolved in ten c.c. of purest chloroform in a well stoppered 
flask, and twenty c.c. of the iodine solution added. The amount 
must be finally regulated so that after not less than two hours 
digestion the mixture poseeses a dark brown tint; under any circum­
stances it is necessary to have a considerable excess of iodine(at 
least double the amount absorbed ought to be present), and the 
digestion should be from six to eight hours. Some potassium iodine 
solution is then added, and the whole diluted v/ith 150 c.c. of water. 
Starch is then added and the titration finished in the usual way.
FLASH AND FIRE TEST.
The flash point is the degree of temperature at which 
ignitable volatile vapors are given off by the oil, producing a flash 
when brought in contact with a small flame. The fire test is a con­
tinuation of the flash test, until the oil permanently ignites.
A simple apparatus that gives approximate results consists of a 
porcelain crucible two and one-eighth inches wide at the top, 
five-eighths inches wide at the bottom and one and one-half inches 
deep. This is surrounded by an asbestos pad three and one-half by
three and one-half inches and one-eighth inch thich. This prevents 
the direct contact of the gas flame upon any portion of the crucible 
except the base. The oil to be tested is placed in the crucible, a 
thermometer inserted at such a depth that the bulb is just covered 
by the oil, and the heat applied. The rise in temperature in the 
oil should not exceed 2° F. per minute. The test flame (the smallest 
possible) is passed over and across the surface of the oil once 
every minute beginning at 100° F.
For description and method of using different types of 
flash and fire testers aee Stillman pp. 404-408.
ACIDITY.
Acidity in oils is generally due to a partial decompo­
sition of the oil with liberation of fatty acids. These latter act 
as corrosive agents, attacking the metal bearings of machinery, form- 
ing"metallic soaps’* and producing gumming and thickening of the 
lubricant. Properly refined mineral oils are free from acidity, but 
nearly all animal and vegetable oils pos^ss it more or less. This 
test is made as follows:
Take two ounces of alcohol and warm to about 100° F.; add a 
few drops of alcoholic solution of phenolphthalein. Fill a burette 
to the top of the graduation with the caustic potash solution (one- 
tenth normal fcOH); then add solution drop by drop to the alcohol 
until it assumes a pink tint. Add 10 c.c. of the oil to the alcohol, 
refill the burette with the potash solution and add the latter until 
the mixture of oil and alcohol maintains a pink color after thorough 
shaking. Read off the number of c.c. of potash solution used, and
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this amount divided by two gives the per cent of free acid.
MAUMENE’S TEST.
The rise of temperature produced when sulphuric acid is 
brought in contact with certain oils was first investigated by 
Maumene. The test is made as follows:
Fifty grams of the oil are placed in a narrow tall beaker and 
ten c.c. of C. P. sulphuric acid added drop by drop with stirring 
and the rise of temperature during the operation noted.
EVAPORATION TEST.
The object of this test is to determine what percentage 
of an oil, more especially a spindle oil, is volatile when exposed 
to nearly the same conditions as it isTa bearing. Method of making 
the test:
Apparatus to be used: flat watch glass; annular disks of 
filter paper one and five-eights inches outside diameter, with 
inside hole five-eighths of an inch in diameter, which have been
standing in a sulphuric acid desiccator for severa-l days, and an oven
*
with thermometer and thermo-regulator. .
Manipulation. The watch glass and paper are weighed, and 
about 0.2 gram of oil brought upon it by dropping from a rod and 
accurately weighed. The watch glass is now placed in an air bath, 
the temperature of which remains nearly constant at 60 to 65 C. 
and heated for eight hours. It is then cooled and reweighed, the 
loss being figured in per cent. No oil should be passed which gives 
an evaporation of more than four per cent. The temperature employed,
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65° C., is approximately that attained by a bearing after running 
two hours, thus leaving the oil exposed to it for eight hours, 
assuming a ten hour day.
DETECTION OF SOAP.
To increase the viscosity of an oil, resort is had to 
the use of "oil pulp", "oil thickener" or "white gelatin", usually 
an oleate of aluminum, though other bases may be present. Its 
disadvantages are that it causes the oil to chill more easily and 
to emulsify, thus increasing the friction. Furthermore, it is 
precipitated by contact with water or steam, causing clogging of 
the machinery. The test depends upon the fact that the metaphos­
phates of the earthy and alkali metals and aluminum are insoluble 
in absolute alcohol. The test is applied as follows:
Five to ten drops of the oil to be tested are dissolved in 
about five c.c. of 86* gasolene or ether, and about fifteen drops, 
of the saturated solution of metaphosphoric acid in absolute alcohol, 
added, shaken and allowed to stand; the formation of a floculent 
precipitate indicates the presence of soap. An idea of the kind of 
soap can be often gained by adding an alcoholic solution of Pt Cl^ ,.
If the precipitate becomes crystalline it is a potash soap; if it 
dissolves, soda, lime, or magnesia; if unchanged, alumina or iron.
I
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M AC HINES FOR TESTING LUBRICANTS.
Machines for testing lubricants are used in the most 
impoi'tant of all the tests to be applied to determine the precise 
value of a lubricating material, and in that which most completely 
and satisfactorily reveals the value, the machine being specially 
constructed for that purpose.
In order to determine precisely what oils are adapted to 
any special purpose, or to ascertain for what uses any oil is best 
fitted, it is necessary to make an examination of the lubricant while 
it is working under the specified conditions. That is to say: the 
oil should be put upon a journal of the character of that in which 
it is proposed to use it, and, subjecting it to the pressure proposed 
running it at the speed that the journal is expected to attain; its 
behavior will then show conclusively its adaptability to such an 
application. While running, it is necessary to measure the friction 
produced, and, to determine its coefficient, which, as we have seen, 
is its measure, as well as to be able to note its durability and the 
rise in temperature ofthe bearing. These qualities being determined 
and recorded, all is known of the oil that is needed to determine 
its lubricating power, and its value for the purpose intended. A 
number of such machines have been invented, although but two or three 
are in use.
One of the oldest is that of McNaught. It consists of 
two disks. The upper one is loose; the lower one is turned by a 
pulley an its spindle. The oil is interposed between the disks and 
the friction causes a tendency on the part of the loose disk to turn 
with the other. This tendency is resisted by a pin on its upper 
side coming in contact with the short arm of a bell crank lever,
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the long horizontal arm of which carries a weight, which can be 
adjusted to measure the friction.
Napier's machine consists of a wheel, of which the smooth 
wide rim is pressed by a brake-block, which is forced against it 
with any desired amount of pressure by the action of weighted levers. 
The effort of the wheel to carry the block around is resisted by 
another weighted lever, and by it the friction is measured as in the 
latter machine of Riehle.
The machine of Messrs. Ingham and Stapfer consists of a 
shaft rxmning in two bearings and carrying a third journal between 
them. This latter has adjustable bearings, which are set up to any 
desired pressure by weighted levers. A thermometer on the top brass 
enables the heating of the bearing to be observed. A later modifi­
cation of this machine is seen in that of Ashcroft. In this machine 
the friction cannot be measured; but the durability of an oil and 
its effectiveness in keeping a bearing cool can be observed. A 
somewhat similar but much larger machine has been used at the Brooklyn 
Navy Yards several years.
The Ashcroft and Woodbury, the Wellington, the Tower, 
and the Riehle Machines for testing oils are improvements upon the 
earlier testing machines. All embody provisions for ascertaining 
the value of the coefficient of friction.
The Ashcroft machine is a modified Ingham and Stapfer 
instrument. It is operated in the same manner. The oils are tested 
and compared by noting the rise of temperature during the test as 
already described, the maximum allowed being taken usually at a 
little below the boiling point of water.
Mr. Woodbury has improved the Nasmyth machine. The lower
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disk is secured upon the top of an upright shaft, its top being an 
annulus, ground to a true plain surface. Upon this rests the upper 
disks, which is a hollow ring of hard composition. A partition di­
vides the interior of the hollow ring forming the upper disk, and 
water can be introduced through the connecting tubes to control 
the temperature of the disks or to reatin the heat of friction. The 
sides and top of the upper disk are surrounded by a case of hard 
rubber and the space is filled with eider-down. Ice water is used 
to reduce the temperature of the disks to nearly the freezing point 
of water, and the friction is noted at each degree of rise in tem­
perature. A tube of thin copper, closed at the bottom, reaches 
through to the bottom of the disk, and a thermometer with its bulb 
placed within this tube indicates the temperature of the friction 
surface. A tube leading through the upper disk conducts the lubri­
cant under trial to a recess in the middle of the lower disk. The 
upper end of this tube being of glass, exhibits the supply and rate 
of feeding of the oil. As the friction of a journal depends largely 
upon the method of lubrication, uniformity in the manner of supply 
is of the utmost importance.
The axes of the upper and lower spindle do not coincide, 
but are on parallel lines about One-oighth of an inch from each 
other. This prevents the surface from wearing in rings, because 
the same points are not continuously brought in contact with each 
other. A counter records the number of revolutions made during any 
given time. The dynamometer on the right hand side of the machine 
consists of segments and pinions multiplying the deflections of a 
steel bar, and indicating the stress necessary to produce such 
deflection by the position of the hand on the dial. When the machine
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is in operation the lower disk is revolved, and tends to carry the 
upper disk around with it by a force equal to the friction due to 
the lubricant between the disks.
The frictional resistance is thus obtained. The reading 
on the dynamometer indicates the force of a couple whose arm is the 
length of the lever projecting from the upper disk, and this couple 
is opposed by a couple of equal moment, of which the dimensions of 
the fractional surface from the data for computing the arm, and the 
fractional resistance of the lubricant is the unknown quantity.
The Riehle Oil-testing Machine consists of an axle 
revolving in two brass boxes, which may be clamped more or less 
tightly together. This machine has two scale beams,- the lower one 
for the purpose of weighing the pressure put upon the journal by the 
hand wheel on the opposite side of the machine, the upper one for 
measuring the tendency of the journal to rotate. The upper scale 
beam shows the total friction, or coefficient of friction as the 
graduations may be arranged. A thermometer gives the temperature of 
the journal; a counter the number of revolutions.
Thurston’s Standard Oil Testing Machine. This machine 
permits variation in speed and in pressure on the journal; it also 
affords means of supplying oil at any time; of reading the pressure 
on the journal; and the friction on graduated scales attached to 
the instrument.
This machine consists of a cone of pulleys for various 
speeds carried between two bearings, and connected by an overhanging 
axis; on this overhanging part is a pendulum, with plumber block 
in which the axis is free to turn; the pendulum is supported by 
brasses which are adjustable and which may be set to exert any given
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pressure by means of an adjusting screw, acting on a coiled spring 
within the pendulum. The pressure so exerted can be read directly 
by a scale attached to the pendulum; a thermometer in the upper brass 
gives the temperature of the bearings. The deviations of the pendu­
lum are measured by a graduated arc fastened to the frame of the 
machine. The graduations of the pendulum scale show on one side the 
total pressure on the journal and on the other the pressure per 
square inch; those on the fixed scale show the total friction, and 
this divided by the total pressure gives the coefficient of friction.
Prom the construction of the machine, it is at once per­
ceived that the pressure on the journal is made up of equal pressures 
due to action of the spring on upper and lower brasses and of the 
pressure due to the weight of the pendulum, which acts only on the 
upper brass. This latter weight is often very small, in which case 
it can be neglected without sensible error.
Thurston’ Railroad Tester. The Thurston machine is made 
in two sizes; the larger one,having axles and beamings of the same 
dimensions as those used in standard car construction, is termed 
"The Railroad Lubricant Testing Machine". This machine differs from 
the Standard Oil Testing Machine principally in the construction 
of the pendulum. This is made by screwing a wrought iron pipe into 
the head which embraces the journal and holds the bearings in their 
place. In this pipe a loose piece is fitted, which bears against 
the under journal bearing. Into the lower end of the pipe, a piece 
is screwed, which has a hole drilled in the center through which a 
rod passes, the upper end of which is screwed into a cap; between 
this cap and the lower piece a spiral spring is placed. The upper 
end of the rod bears against the upper piece, which in turn bears
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against the bearing. This piece has a key which passes through it 
and the flips, and bears against a nut screwed 6n the pipe. By 
turning this nut the stress on the journal produced by screwing the 
rod can be thrown on the key, and the bearing relieved of pressure, 
without changing the tension on the spring. A counterbalance above 
the pendulum is used when accurate readings are desired. The brasses 
are cast hollow, and when necessary a stream of water* can be passed 
through to take up the heat, and maintain them at an even temperature 
The graduations on the machine show on the fixed scale, as in the 
Standard machine, the total friction; and on the pendulum the total 
pressure (1) on the upper brasses, (2) on the lower brasses, and 
(3) the sum of these pressures.
SAMPLING AND TESTING LUBRICATING OILS AND PATS IN THE WORKSHOP.
The analysis of oils, fats and greases is a branch of 
Analytical Chemistry which can be successfully undertaken only by 
an expert analyst who has made such materials his special study.
But for ordinary purposes there are some ready yet accurate means 
of ascertaining whether a lubricant oil or fat is pure or not, and 
if not, what is the nature of the adulterating body. Such methods 
can be easily practiced by the skilled operators in the workshop by 
paying careful attention to the following instructions, being very 
accurate in all measurements and faithfully following the modus 
operandis in the order given. By doing this many foremen can 
successfully undertake to determine the purity, or otherwise, of 
the lubricants used, and thus not only save the firm money for
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analysis, but also avoid the delay incidental to submitting samples 
to chemists.
There are more than a half a dozen methods of testing oils 
and fats. Those, however, which are available for our purpose are 
the following: (1) Ascertaining the specific gravity; (2) Action
of alkalies in oils and fats; (3) Action of sulphuric acids in oils 
and fats; (4) Testing for presence of free acids; (5) Testing viscos­
ity; (6) Testing rate of evaporation. The above tests are taken 
in the order named.
METHODS OP ASCERTAINING THE SPECIFIC GRAVITY OP OILS.
As oils are lighter than water there is only need to 
describe one method of ascertaining the specific gravity. The 
principle on which the specific gravity of a fluid lighter than 
Water is ascertained, is to make a direct comparison between the 
weights of equal bulks of the two fluids,- water and the oil to be 
tested. For this purpose a bottle or flask of a special make, 
called a "Specific Gravity" or "Weighing Bottle" is used. This 
bottle is constructed to hold a definite quantity of water at the 
normal temperature, viz. 60° P. or 15® C. The fluid contents of 
the bottle is usually 100, 500 or 1000 grains of pure water at that 
temperaturej water it should be remembered varies in weight accord­
ing to its temperature, an increase of temperature rendering it 
specifically lighter and a decrease specifically heavier than when 
weighed at the above normal temperature.
The specific gravity bottle has a closely fitting glass 
stopper through which a capillary tube is made, the object of which
is to permit the escape of superfluous fluid. On the side of the 
bottle there is scratched a mark which indicates where the given 
quantity of water the bottle contains reaches when weighed at the 
normal temperature. This bottle is filled with the specific quantity 
of water it is constructed to hold, and the stopper inserted and 
pushed down until the lower end of the stopper is coincident with 
the mark in the neck. The bottle is then wiped and weighed. Suppose 
the bottle weighs 120 grains, which we will say holds 100 grains 
when empty and dry; when filled with pure water at the normal temper­
ature, the bottle and its contents will weigh 220 grains. If now 
the bottle is filled with oil instead of pure water, then the weight 
of bottle and oil will at once indicate the relative weights of oil 
and water; i.e. the Specific Gravity of the oil. Thus, suppose the 
bottle and its contents of oil weigh 213 grains, then by subtracting 
the weight of the bottle, 120 grains, we shall find the weight of 
the oil, which is equal in bulk to the water which the bottle is 
constructed to hold; e.'g. (a) weight of dry empty bottle 120 grains; 
weight of bottle full of water at standard temperature 220 grains, 
then 220-120=100 grains, weight of water; (b) weight of dry empty 
bottle 120 grains; weight of bottle full of oil 213 grains, then 
213-120=93 grains, the weight of oil. The specific gravity of the
oil is 93 = 0.93. By using a bottle constructed to hold 1000
100
grains of water, the Specific Gravity can be carried to three places 
of decimal. Weight of bottle full of water at standard temperature 
1120 grains; weight of bottle when dry and empty 120 grains; weight 
of water 1000 grains. Weight of bottle full of oil 1052 grains; 
weight of bottle dry and empty 120 grains; weight of oil 932 grains. 
In other words a volume of water weighing 1000 grains can be occupied
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by a volume of oil which weighs only 932 grains, therefore the two 
liquids are equal in bulk, the weights are different, viz:
oil _ 952 _ 0.932 = Specific Gravity of oil.
water 1000
ITow the specific gravity of any two different oils, if 
pure, is never identical. If the Specific Gravity of an oil, say, 
linseed, which when pure is 0.932, is less than 0.932 (say for exam­
ple 0.920) then we know that it is not linseed oil pure and simple, 
but a fixture, one of the components of the mixture being yet 
lighter than linseed. As the range of Specific Gravity of oils 
varies so slightly, it is very important to be accurate in ascertain­
ing the exact Specific Gravity, and to insure accuracy, it is best 
to operate on fairly large quantities of oils, say 1000 grains at 
least. As the Specific Gravity bottle is graduated to hold a defi­
nite quantity of water, it is not necessary to fill it with water, 
and weigh same, before testing the Specific Gravity of oils. All 
that is necessary is to weigh the dry bottle, then fill it with oil 
up to the mark on the neck of the bottle. Insert the stopper, allow 
any surplus oil to flow out through the orifice in the stopper, 
being careful to put the stopper down to the mark completely; then 
wipe dry and afterwards weigh the contents in the manner given 
above, when the Specific Gravity of the oil is at once obtained.
After using, empty the bottle of the oil, and perfectly clean it, 
using a strong solution of caustic potash or soda, or else carbonate 
of soda and lime and a little water; but for oil which does not 
readily saponify with these alkalies, use either strong liquid ammo­
nia or else ether or alcohol, rinse thoroughly, and afterwards rinse 
in a little ether and dry; as the ether evaporates it will carry
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away all traces of moisture, and then insert the stopper in the 
bottle and place it in its tin case to keep it dry, to prevent it 
imbibing moisture, the presence of which in its interior would 
materially affect the results obtained by weighing oil in it. If 
any oil be allowed to dry in the interior of the bottle it will be 
doubly hard to remove; a little essential oil of lavender is a remedy 
for softening hard, dry oils, preliminary to removing them by the 
above meqns.
Besides the above there is another method of readily 
ascertaining the Specific Gravity of oil, which consists in the use 
of a hydrometer. The common form of this instrument, termed an 
oleometer, is seldom accurate. The instrument consists of a glass 
tube hermetically sealed. Inside is a paper scale graduated into 
divisions which represent so many degrees of Specific Gravity. At 
the lower end of the tube is a bulb filled with mercury, or small 
shot, so as to cause the instrument to sink into the oil and steady 
it to keep it upright. This instrument is used by filling a tall 
glass jar with the oil to be tested, and then immersing the hydro­
meter in the fluid, the Specific Gravity of which is indicated by 
the degrees to which the instrument sinks, as shown by the paper 
scale inclosed; thus, the denser the fluid the less will the instru­
ment sink. More than one instrument is used for the whole range of 
oils and fats, because the scale of each is divided into only a 
small number of degrees. An instrument with a scale of 0.730 to 
0.860 is needed for the lighted oils, naphtha and burning oils, and 
one with a scale from 0.860 to 1.000 for the various grades of 
lubricating oils.
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Tt should be mentioned that the temperature of the oil 
should always be taken at the time of testing its Specific Gravity 
and it should be brought to the uniform standard temperature of 60°
5*. by warming it or cooling it, as the case may be, because the 
Specific Gravity of oils varies according to the temperature. To 
accomplish this, after filling the Specific Gravity bottle, and 
before putting in the stopper, stand the bottle in a vessel of water
I
the temperature of which is 60° P. When the oil has acquired a 
similar temperature, take out the bottle, wipe off all moisture, 
insert the stopper to the mark in the neck, wipe away any superfluous 
oil that overflows, and then proceed to weigh as already described.
It should be born in mind that the Specific Gravity of 
an oil does not determine its absolute purity. Other tests have to
t
be made to determine that. Thus, for example, suppose a fraudulent 
oil refiner was to sell an inferior lubricating oil as one of a 
superior class; his first object would be to blend the components 
so as to render the compound of exactly the same Specific Gravity as 
the genuine superior oil. Consequently if the operator were to rest 
satisfied when,he found the Specific Gravity was right, that his 
tested sample was the genuine oil, he would be committing a grave 
error. Therefore, the Specific Gravity test is only useful in tell­
ing in a quick way when an oil is pure. This may seem paradoxical, 
but it is explained when we say that the production of an exact Spe­
cific Gravity of oils by the immixture of several components is so 
difficult that perhaps nine out of ten components fail to indicate 
the exact Specific Gravity aimed at. Consequently if the operator 
found a material difference of say .005 to .01, he would at once 
know that the oil was not the genuine one it was represented to be.
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Foi’ example, the Specific Gravity of linseed oil at the standard 
temperature is 0.932; but suppose the operator found on testing a 
sample that the Specific Gravity of the example showed 0.925 or 
0.937, he would at once correctly surmise that the oil under examina­
tion was not pure linseed. To determine what such sample was com­
posed of, would require other and more elaborate tests than finding 
its Specific Gravity.
The Specific Gravity of solid fats, such as palm oil, 
cocoanut oil, etc., is not so easily ascertained as that of fluid 
oils. One of the simplest methods is to make a wide test tube, that 
can be tightly covered with a cover, such as a box-wood cork stopper. 
First weigh the tube and its stopper, while perfectly clean and 
dry; then fill it with water, wipe off all moisture from the outside, 
and weigh again; then empty it of water and perfectly dry it, and 
having melted at a low temperature some of the solid fat to be tested 
fill the tube with that and allow it to cool down, and again weigh 
the tube with the solid fat in it. The Specific Gravity of the solic 
fat is then easily ascertained by the calculations already referred 
to. Thus subtract the weight of the tube and cork from the weight 
of tube, cork and fat; and then subtract the weight of the tube and 
cork from the weight of the tube, cork and water. How divide the 
weight of the fat by the weight of the water, when the Specific Grav­
ity is at once obtained.
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ACT ION OP ALKALIES ON OILS.
The value of an alkali as a test reagent is three fold, 
because it serves to distinguish a fat oil from a hydrocarbon oil - 
fat oils consist of oxygen, carbon and hydrogen, but hydrocarbon oils 
consist of carbon and hydrogen only - and also serves as a means of 
ascertaining whether a suspected sample is a mixture of fat and 
hydrocarbon oils. Alkalies convert oils of the fat series into soaps 
of a hard or semi-solid nature; but hydrocarbon oils are not so 
acted upon, the product of the mixing of an alkali with a hydrocarbon 
oil being an emulsion, of which, hov/ever, the compounds generally 
separate again on standing. It is on these facts that a mixture 
of the two kinds of oil is ascertained.
ACTION OP ALKALIES ON FAT OILS.
Make a solution of capstic soda or potash having a specif­
ic gravity of 1.34 (at 60° P.) put one part by fluid measure of this 
solution into a long test tube, and then pour in two parts fluid 
measure of the fat oil and shake up the mixture vigorously; a solid 
mass will be produced, i.e. a soda or potash soap, by the union of 
the oil and the alkali. Allow this to stand undisturbed, when a very 
small quantity of water will be gathered up beneath the soap. This 
water has a milky or emulsified appearance. By making a similar 
experiment with a hydrocarbon oil, no solid soap will be found, but 
simply an emulsion of the oil and water; but on allowing this to 
stand undisturbed, the oil and water will only exhibit a cloudy 
appearance, if not absolutely clear.
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In the case of a mixture of a fat and a hydrocarbon oil 
the product formedon making the above test will vary according to 
the proportion of mineral oil present. If the fat oil predominates 
very little trace of the hydrocarbon oil will be found, as the solid 
soap that is formed will hold the hydrocarbon oil prisoner. A common 
soap makes a very good excipient for carrying hydrocarbon oils, or 
even turpentine, to be combined with a certain quantity of water.
If, however, the hydrocarbon be in excess, it will form a layer on 
top of the soapy mass, while the water that is not taken up in the 
soap will show itself emulsified. An accurate test to detect mineral 
oils in fat oils is the following: Dissolve a piece of caustic
soda about the size of a pea in 5 c.c. of alcohol in a test tube; 
then put in a few drops of the oil to be tested, and heat the mixture 
over a gas flame and let it boil for two or three minutes; then add 
3 to 4 c.c. of distilled water. If the suspected oil be only a fatty 
acid, the solution will remain clear, but if a mineral oil be present 
even to the extent of only two per eent, the solution will be tinted. 
To ascertain the exact amount of mineral oil present in a mixture 
of fat and hydrocarbon oils, note the following experiments:
Prepare a caustic alcoholic solution of potash or soda 
of specific gravity 1.340 (68° F.), and mix 10.15 c.c. of the solu­
tion with 25 grams - 1 gram equals 15.43 grains - of the oil to be 
tested. Add 25 c.c. of distilled water and 5 c.c. of alcohol.
Shake the mixture in a glass beaker or boiling tube and allow it to 
boil for an hour, constantly stirring it with a glass rod all the 
time. All the oil will then be saponified. Put the mixture into a 
separating funnel, add some warm water and 25 c.c. of petroleum 
ether, shake well together for several minutes, and then allow the
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mixture to stand undisturbed until it separates into two layers.
The mineral oil will be mixed with the petroleum ether in the upper 
layer, while the lower layer will consist of the soap made from the 
fatty oil; run this off and add clean water, shake up the mixture 
again and let it rest a second time. Pour off the aqueous layer. 
Repeat this operation until the aqueous layer runs off clear, then 
run the ethereal layer into a weighing glass, the weight of which 
while dry and clean has been ascertained, gently warm the mixture 
to drive off the ether by evaporation, and then weigh the oil which 
is left behind, the difference between the weight of the dry empty 
weighing bottle and that when it had the oil in will give the weight 
of the oil that has been obtained; this weight, multiplied by four, 
will give the percentage of mineral oil present in the mixture under 
examination.
ACTION OP SULPHURIC ACID ON OILS.
The action of sulphuric acid on oils affords two methods 
of differentiating oils, one by means of the color imparted to the 
mixture of oil and acid, and the other by the temperature of the 
mixture.
The color test is one vdiich is very easy to perform, but 
requires experience to be able to distinguish accurately the grada­
tions of color of the mixture, because the slightest departure from 
the prescribed procedure brings a difference of tone. The test 
should be performed always under precisely the same conditions, so 
as to insure uniform results. Only in bright daylight can this test
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bo made. The operation is performed by putting fifteen to twenty 
drops of the oil to be tested into a clean, dry, white porcelain 
evaporating dish, and then let drop into the oil two drops of the 
acid, of concentrated strength, closely watching until the streaks 
of color, that are formed in the oil as the acid unites among the 
oily particles, becomes,after a short time, of a uniform tint, the 
color diffusing itself through the oil. In a minute or two stir the 
mixture with a glass rod and again watch the color. That given by 
vegetable oil are mere traces of yellow, brown and green. The colors 
exhibited by fish oils, turn off a purple or violet hue; the color 
imparted by animal oils turns red or reddish brown, while mineral, 
hydrocarbon oils turn blackish brown to a slight degree.
To make the test of value it shoxild be a comparative one; 
that is, the experiment should be made many times, with samples of 
all the oils in the purest state possible, and the results tabulated, 
and these tables referred to when testing suspected samples. It is 
only by long practice and experience that the test can be accurately 
relied on to distinguish a mixture of several kinds of oils.
The temperature test is much more practical, and the way 
it is performed is this; Put 20 c.c. of the oil into a glass beaker, 
and stand a thermometer in the oil and note the temperature; then 
add 8 c.c. of strong sulphuric acid of specific gravity 1.845, and 
by the aid of a thermometer, using it as a stirrer, mix the oil and 
acid together by stirring, and continue stirring until the tempera­
ture ceases to rise. Note the highest degree of temperature obtained 
by the mixture; then, by subtracting the temperature of the oil from 
the temperature of the mixture, the difference will be the increase 
of temperature caused by the action of the acid on the oil. Now, as
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the temperature obtained by the above experiment differs according 
to the nature of the oil used, this test affords a ready means of 
ascertaining what the oil is, which is then under examination. The 
general increase of temperature by various oils is as follows:
Scotch Shale Oil 11.0 F. Tallow Oil 67.6 F.
Rosin Oil 45.0 F. Olive Oil 79.2 F.
Petroleum Lubricating 54.0 F. Castor Oil 97.2 F.
Neatsfoot Oil 57.6 F. Rape Oil (Thickened) 104.4 F.
Rape Oil 63.0 F. Cotton Seed Oil 117.0 F.
Sperm Oil 66.0 F. Linseed Oil 122.4 F.
TO TEST FOR THE PRESENCE OF FREE ACIDS IN OILS.
Fatty oils as they decompose become rancid, owing to the 
chemical reactions that occur in them. This rancidity is brought 
about by the action of oxygen on the oils, whence they become decom­
posed into the fatty acid constituent, and the base glycerine. Other 
oils that are not fatty oils exhibit traces of acids. Now it is 
almost needless to say that such acid is injurious to the machinery 
on which such oils may be used. Everyone knows how a mere spot of 
water will cause a spot of rust to form. The rust is an oxide of 
iron which has been produced by the oxygen in the water uniting 
itself with the metal and oxidizing it. Everyone knows the erosive 
action of rust on iron, and how in time holes will be eaten into the 
metal. Now the action of an acid is much more energetic, and there­
fore a lubricating oil that contains acid is a most insiduous enemy 
to the machinery, and it will eat in the delicate parts of the
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machinery that are out of sight oi’ reach, and thereby set up a loosen­
ing or weakening of the parts of the machine when least expected or 
suspected. This free acid acts on copper or brass as well as on 
iron, after being in contact for some little time. The presence of 
free acids may be due to imperfect extractions of the oil, or it 
may be engendered by the reactive changes that occur in keeping the 
oil for some length of time, because incipient chemical changes are 
slowly but surely oceuring, whereby rancidity or fatty oil acids are 
developed. As mineral-hydrocarbon-cils are free from the presence 
of oxygen as a constituent, they are generally free from the presence 
of free acids; but if such oils have been imperfectly washed, there 
are traces of sulphuric acid likely to be present.
TO TEST FOR THE PRESENCE OF ACID IN OILS.
The only test which is trustworthy is to use a tincture 
of phenol phthalein and render it alkaline with a little caustic 
soda, and then shake up the suspected oil with a little of the test 
reagent. The red color of the tincture will be discharged, if acid 
be present in the oil. The proportions to add are as much phenol 
phthalein as will cover a quarter of a dollar to 10 or 12 ounces 
of methylated spirit, then add sufficient of the caustic soda to 
render the fluid perfectly of a reddish tinge. In shaking up a 
little of the mixture with the oil, the presence of acid in the oil 
is at once shown by the disappearance of the reddish color.
A Quantitative Test for Free Ac id in oil is easily made 
by the aid of the above reaction. The process is this: Mix 10
grams - by weight - of the oil with 10 c.c. of neutral methylated
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spirit or alcohol, stirring the whole time by mixing; then add 1 
to 2 c.c. of the above phenol phthalein tincture, place the vessel 
under a burette, which is filled with a standard decinormal solution 
of caustic potash or soda; turn the top of the burette and allow the 
alkaline solution to drop into the oil mixture. A burette tube 
graduated in c.c. is the best instrument used for measuring these 
quantities. Stir the oil constantly, and watch the moment when a 
permanent pink tinge remains as the alkaline solution drops in. The 
rationale of the process is this: When the alkaline solution reaches
the oil mixture it produces a pink spot, but the pink spot disappears 
on stirring the mizture as long as there is any acid in the oil 
mixture, but when all the oil is neutralized by the caustic alkaline 
solution the pink color of the spot is not effaced but remains per­
manent. When this occurs note the number of c.c. of the alkaline 
solution that has been required to neutralize the acid in the oil, 
and for each c.c. of it 0.0282 of the oleic acid has been neutralized 
by multiplying the resultant number by 10 we get the percentage of 
acid that is present in the oil.
TO DISTINGUISH MINERAL ACIDS PROM PAT ACIDS IN OIL.
Use a solution of methyl orange. Mineral acids, such 
as sulphuric, will turn this solution pink; but fatty acids, such 
as oleic, palmic, etc., will not affect it.
Viscosity of Oils. By viscosity of an oil is meant its 
semi-solid condition or body. A thin fluid like paraffin oil has 
but little body or cohesion, but flows readily, whereas one like
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castor oil is thick or viscid, and flows slowly. The viscosity is 
due to the cohesive and adhesive power of the particles; that is, 
the particles of a viscid oil will cohere so well that they will not 
readily separate or flow freely, while the adhesive quality gives 
viscid oil the power of sticking to a surface; the less adhesive 
power a fluid posesses the easier it flows off a surface. Now to 
these qualities - cohesion and adhesion - is given the general term 
viscosity. It is one of the most valuable properties of a lubricat­
ing oil, because the cohesive power permits the oil being thinned by 
the pressure of heavy bearing, while the adhesive quality prevents 
oil flowing away from the surface too freely. Now although viscosity 
is the chief value of a lubricating oil, the value of such oil must 
not be gaged by the amount of viscosity, because a proper applica­
tion of lubricants consists in using those which are most suited for 
the special parts of the machine; thus, a bearing like a revolving 
shaft requires a thick or viscid lubrication so that the particles 
of oil shall not be too readily pushed asunder by the weight of the 
shafting, and so thin the oil until it forsakes the bearings alto­
gether. A thinly fluid oil would be out of place here, whereas, if 
it be a quickly revolving spindle that requires lubricating, a thick 
oil would be out of place; a thin one being the most appropriate.
The proper use of lubricants consists of the selection of an oil 
most suited for the work the lubricated parts has to perform, and it 
is for this reason that the knowledge of the exact viscosity of an 
oil should be familiar to the engineer. Even in the case of heavy 
pressure the viscosity must not be too great, otherwise the oil will 
fail to push its way between the shaftings and bearings, with the 
result that they will not be lubricated.
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A simple and ready means of testing the viscosity of an 
oil is this: Take a narrow tube a few inches long, one end of which
is drawn to a point but has a small opening in it; fill this up to 
a certain mark, mix the oil, and note how many seconds it takes for 
the oil to drop out. A series of comparative tests will thus show 
the comparative viscosities. This test, however, is not a very 
accurate one as the viscosity or fluidity of an oil varies according 
to the temperature at which the test is made. The higher the tem­
perature the thinner the body of the oil becomes, and consequently 
the quicker it will flow out; but if a uniform temperature such as 
70°, 100® , etc., be adopted, the above simple test will be found 
sufficiently accurate for most purposes in a workshop. There are 
several instruments constructed for the purpose of more accurately 
determining the viscosity of an oil; but unfortunately, owing to 
the viscosity varying according to the temperature and the specific 
gravity of these oils not being the same, such instruments cannot 
be made to give absolutely correct results.
PLASH POINT TEST.
This test is of great yalue for determining the safety 
of an oil for lubricating purposes, but it is one which requires 
special apparatus, and even the accuracy of the results depends on 
the perfect means the operator has of heating the oil to be tested, 
because if heated too rapidly the flash point may be many degrees 
lower than when the oil is carefully and uniformly heated, consequent­
ly this test is not satisfactorily undertaken by the operator. All
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mineral oils when heated to a certain degree evolve vapor which is 
inflammable. The temperature at which the vapor can be ignited by 
applying a naked flame to it is called the flash point. Now it 
requires but a moments reflection to show how serious might be the 
results if a lubricating oil became heated higher than its flash 
point, and so be turned into vapor, because such vapor would fill 
the air of the room or workshop and on coming in contact with a 
nalces flame it would ignite with explosive violence. The lowest 
flashing point of a lubricating oil is 330° F. for ordinary purposes, 
350° P. for cotton mills and places where there are inflammable 
materials, while for cylinder oils 500° P. is the lowest flashing 
point that is generally safe.
EVAPORATING- TEST.
The rate of evaporation of an oil when exposed to air is 
a test which is easily carried out. Thus take a concave watch glass, 
weigh it, and then put a small quantity of oil into it and weigh 
again; then put the watch glass and oil into an oven that has a 
temperature of 212° F., and maintain that heat for twenty-four hours. 
When taken out reweigh the watch glass and remainder of oil. The 
loss in weight should not be more than 0.25 to 0.5^; if more than one 
per cent is lost, the oil is one that is suspicious and best avoided.
For cylinder oils the temperature of the oven should be 
360* P ., and this heat maintained for five hours only.
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DESCRIPTION OP OIL TESTING MACHINE.
Plates 1 to 5 inclusive are working drawings of an 
Oil Testing Machine, designed for ascertaining either the relative 
value of lubricants, giving the coefficient of friction and pressure 
per square inch of journal, or testing the bearing qualities of 
different bearing metals.
The main axle a Master Car Builder's Standard 4i" x 8" 
Car Axle, is mounted on two Jones & Laughlin Ring Oiling Ball and 
Socket Pillow Blocks, the bearings being 5" in diameter and 20" 
long. At each end of the main axle is a Master Car Builder’s 
Standard 4^n x 8" Journal Box and contained parts, which serve as 
the test bearings. The axle is made to revolve by cone pulleys at 
different speeds, and in either direction, and can be loaded to
4
different pressures per square inch by means of a single lever and 
hydraulic cylinder.
The Journal Boxes fit into yoke frames having two knife 
edges equidistant from the center of the shaft. Two links join 
these knife edges with two similar knife edges in the cross-head 
below; from which connection is made to the lever and hydraulic 
cylinder. The yoke frame is thus perfectly free to rotate about 
its center, the friction being measured by the movement of the poise 
weight about the center of the axle. The beams upon which the fric­
tion is weighed are arranged in double system to balance each other 
and so the machine can be run in either direction.
The total pressure on the journal, for which the machine 
is designed is 28000 lbs. or its equivalent of 2800 lbs. per square 
inch of projected bearing surface. The construction of this machine
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permits of ascertaining the relative value of two lubricants, 
different or alike, under precisely similar running conditions; 
likewise the wearing qualities of two metals may be found.
The coefficient of friction of a lubricant is found by 
the following formula:
b w b w
f = p n = .47 P
Derivation of same
Let P = total load on bearing 
P = total friction, 
f = coefficient of friction, 
w = weight crt beams.
b = distance between W and the center of the shaft, 
n = radius of bearing = 2.125.
then
f = P
F  Pn = bw or P = bw
n
•
. . f = b w 1 _ 1 _ .47058
P n n 2.125 =
.*. f = .47 —
P
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